The chemolithotrophic ammonium-oxidizing bacterium Nitrosomonas cryotolerans responds uniquely to nutrient deprivation by lowering its endogenous respiration and anabolic processes to undetectable levels during starvation, thus appearing to enter a dormant state. To ascertain whether this state protects the cells from further stresses (as seen with endospore-forming bacteria), the starved cells were subjected to two known inhibitors, CO and light. It was found that long-term-starved cells were less resistant than freshly starved cells to light hihibition. Both long-term-starved cells and freshly starved cells were unaffected by CO.
analogous to the resting state of endospores. As with endospores, dormancy of vegetative cells (19) (20) (21) 23) should render the cells less susceptible to exogenous influences as a result of the lack of metabolic activity.
MATERIALS AND METHODS Materials. All materials, unless otherwise stated, were obtained through Sigma Chemical Co., St. Louis, Mo.
Organism and culture. The ammonium-oxidizing bacterium used for this study was N. cryotolerans (R. D. Jones, R. Y. Morita, H.-P. Koops, and S. W. Watson, Can. J. Microbiol., in press). The bacterium was isolated from Alaskan coastal waters and is described elsewhere in more detail (10; Jones et al., in press). All cells used in this study were grown and maintained by continuous culture (dilution rate, 0.14 day-') in a 4-liter reaction vessel with the pH automatically controlled to 7.8 ± 0.05 by addition of 5% K2CO3. Growth was at 5°C; before inoculation, cells were adapted to growth at that temperature as described by Jones and Morita (10) . The growth medium used was the same as that described by Jones and Hood (8) ml each, 106 ml-1) were transferred into 500-ml flasks in triplicate. The flasks were sealed with neoprene stoppers, and one flask of long-term-starved cells and one flask of freshly starved cells were covered with aluminum foil. The flasks were placed under a continuous fluorescent light source (GEF15T8CW; 6.60 W m-2) at 5°C. For the CO incubations, 25 ml each of long-term-starved and freshly starved cells was transferred to 60-ml serum bottles in triplicate. The bottles were septum stoppered. The headspaces of four bottles (two containing long-term-starved cells and two containing freshly starved cells) received injections of 0.5 ml of CO (99.3% pure). The other set received no additions. The bottles were incubated at 50C.
Cells were examined for viability and nitrite production after 1 week. Each study was performed in at least triplicate. Light intensity was measured with a LI-COR 1800 spectroradiometer.
Time course of the effect of light on starving cultures. Chemostat cultures were harvested as described above, washed, and inoculated into two 2-liter flasks with 1.5 liters of SM. The final density of cells was approximately 107 ml-'. One flask was wrapped in foil. Cells were allowed to recover for 24 h, and then both flasks were placed under continuous light (6.60 W m2) at 5°C. At increasing time intervals, 100 ml of the cultures was withdrawn and assayed for viability and ammonium oxidation.
Ammonium oxidation. After subjection to light or CO, the cells were placed in the dark. CO was removed from the cultures by shaking the cells (125 rpm) under a fume hood after removal of the septa from the serum bottles. To measure NH4+ oxidation activity, 714 ,uM NH4+ [as (NH4)2SO4, buffered at pH 7.8 with 1 M HEPES] was added. The bottles were then shaken at 125 rpm at 5°C. Cells were killed after 24 h with 0.5 ml of 1 N HCl. Nitrite production was measured by the colorimetric method of Bendschneider and Robinson (1).
Viable counts. Viability was determined by the mostprobable-number method, using the chemostat medium with 1 ml of phenol red liter-'.
RESULTS AND DISCUSSION
The CO concentration used (11 ,uM) (9) .
If ammonium-oxidizing bacteria are able to gain energy through oxidation of CO (9), they may be able to benefit from this alternate energy source in the absence of NH4' (15) .
However, Jones and Morita (11) found that there was no positive effect on NH4' oxidation rates or survival when cells were starved in the presence of CO.
The survival of the heterotrophic bacterium Ant-300 under hydrostatic pressure is enhanced after 1 week of starvation (16) (6) found that the presence of NH4' protected Nitrosomonas europaea from photoinhibition. Furthermore, increasing concentrations of NH4+ provide incresingly greater protection from photoinhibition (6, 27 ; Vanzella, M.S. thesis).
Our results are in agreement with those of previous studies. Since freshly starved cells possess greater energy reserves (11) , it follows that they should benefit from the protective effects of NH4+ oxidation. The exact mechanism for NH4+ protection has not been elucidated, although some mechanisms have been postulated (6) .
As in previous studies (7, 27 ; Vanzella, M.S. thesis), it was found that in the absence of NH4+, photoinhibition of N. cryotolerans increased with increasing time of illumination (Fig. 1) 
